In this work, reduced graphene oxide (RGO)-Co composites were prepared by a facile hydrothermal method. The phase, morphology, structure of the composites were analyzed by the scanning electron microscopy (SEM), X-ray diffraction (XRD), Fourier transform infrared spectrometer (FT-IR). The electromagnetic wave absorption properties of the as-prepared composites were by the vector network analyzer. For the RGO-Co composites, the minimum reflection loss (RLmin) is -30.5 dB at 16.0 GHz and the corresponding thickness is 7 mm. The results show that the RGO-Co composites may be a promising microwave absorber with the characteristics of the low density, strong-absorption, wide-band and thin-thickness.
INTRODUCTION
With the development of electronic and information technology, electromagnetic (EM) interference has become a pollution problem, not only influencing the health of human beings, but also being harmful to the safe of country and the living environment [1] . To solve the problem, the high efficiency microwave absorbing material have attracted much attention. Meanwhile, the microwave absorbing materials are required to have strong absorption characteristics, wide absorption frequencies, light-weight and have antioxidation properties [2] . As the typical magnetic material, ferrites, conducting polymers, cobalt has received much attention because of its magnetic anisotropy and microwave absorption [3] . However, the traditional microwave absorbing materials cannot satisfy all of the requirements. _______________________ Zhongyi Bai, Xiaoqin Guo, Yangfan Liu, Lei Chen, Baojian Ren, Zhengzhou University of Aeronautical, Zhengzhou, China, 450046 Graphene is a single layer of a two-dimensional carbonaceous material, which is made with C atoms bonded by sp2 hybridized [4] . In particular, graphene has a better wave absorbing performance. Some defects and chemical bonds were existed in graphene, these defects and functional groups can not only improve the impedance matching, but also facilitate the electron magnetization, polarization and promote the absorption of electromagnetic wave. However, the better conductive performance could influence the absorption of electromagnetic wave. In previous researches [5] , there are a lot of researches about microwave absorption of inorganic nanoparticles with graphene. On the one hand, the composites combining with magnetic loss and electric loss was prepared. On the other hand, the impedance matching of the composites were improved by inorganic nanoparticles.
In this study, RGO-Co composites were prepared by a facile hydrothermal method, and the effects on the crystalline structure, morphology and wave absorbing properties were studied.
EXPERIMENT
The graphite oxide (GO) was prepared by Hummers' method [6] , the RGO-Co composites were prepared by a facile hydrothermal method. In a typical procedure, (1)40mg GO and 1mmol CoCl2•6H2O was dispersed in 50ml ethyl alcohol with stirring.(2) 0.1mol NaOH was added to the mixture with stirring. (3)4ml hydrazine hydrate was added slowly with stirring. The time of stirring is 20min, respectively. After full reaction, placed mixed solution into early warming oven at 180•C for 12h. After centrifugation, washing, and drying, the composites of RGO-Co were prepared. The phase was determined by X-ray diffraction (XRD, Cu Kα radiation source, λ=0.15406nm). The functional groups were detected by Fourier transform infrared spectroscopy. The morphology of the sample was analyzed by scanning electron microscope (SEM, JSM-7001F).The performance of electromagnetic wave absorption was analyzed by the vector network analyzer(VNA, Agilent N5244A, the range is1-18GHz).
RESULTS AND DISCUSSION
XRD patterns for the as-obtained of Go and RGO-Co composites are illustrated in Fig.1(a) . For Go, the peaks at 9.8°, corresponding to the (001) plane in the Fig.1(a) . For RGO-Co composites, four new peaks are indexed to the lattice planes of (100), (002), (101), (110) of the hexagonal close-packed (hcp) structure α-phase of cobalt [7] , which indicates that the Co particle was formed. From the patterns, no other diffraction peaks can be found in Fig.1(a) , which indicates that the GO is effectively reduced into reduced grapheme oxide and the RGO-Co composites were formed. Fig.1(b) shows the infrared spectra test of Go and RGO-Co composites. The is assigned to the C-C of unoxidized graphite framework and the C−O stretching vibrations, respectively. For the RGO-Co composites, the oxygen-containing function groups almost were reduced by the reduction process. The new peak of 428cm -1 is the lattice absorption of Co particles. From the results, it can be concluded that the oxygen-containing function groups were existenced.
As shown in Fig.2 , the morphologies of GO and CoNi/rGO composites were investigated by SEM. For the Fig.2(a) , the GO had a smooth and thin surface, which was contributed to the oxygen-containing functional groups in the oxidization. From the Fig.2(b) , the Co particles were attached on the surface of the RGO sheets or coated by the sheets. Furthermore, the petaloid of Co particles were appeared in the field of view. The results are consistent with the conclusions of the XRD, and the special morphologies of RGO-Co composites might promote the absorption of electromagnetic wave. The microwave absorption properties of the composites can be concluded by the relative complex permittivity (εr = εˊ-jε") and the relative complex permeability (μr = μˊ-jμ") of the RGO-Co composites [8] . The real parts of the permittivity (εˊ) and permeability (μˊ) are corresponded the ability of energy storage, while the imaginary parts of the permittivity (ε") and permeability (μ") are associated with the ability of energy dissipation. As shown in Fig.3(a,b) , the εˊ and the μˊvalues of the RGO-Co composites are decreased with the frequency increased. Meanwhile, the ε" and μ" values presents multiple peaks in the frequency range of 1.0-18.0 GHz, which is related to the interface relaxation and the resonance behaviors. In a word, the behavior of the ε and the μ is beneficial for enhancement of microwave absorption performance. The microwave absorption properties of the as-prepared products can be evaluated by the reflection loss (RL) values, which could be calculated by transmission theory [9, 10] :
Where Z0 is the impedance of free space, Zin is the input characteristic impedance, μr is the complex permeability, εr is the complex permittivity, ƒ is the frequency, c is the velocity of light, and d is the thickness of the RGO-Co composites. For the RL of RGO-Co composites in Fig.3(c) , the RLmin is -30.5dB at 16.0GHz and the corresponding thickness is 7mm, and the bandwidth of RL less than -10dB (indicating 90% attenuation) could achieve 3.83GHz, from 4.4 to 5.68GHz and from 14.77 to 17.32GHz. On the one hand, the hcp cobalt structure presents a lamellar petal, which could contribute to the properties of microwave absorption. On the other hand, the oxygen groups and defects could cause the polarization relaxation process, which resulting in a positive effect on the properties of microwave absorption. 
CONCLUSION
In a word, (1)The RGO-Co composites were prepared by the hydrothermal method. (2)The results show that the RGO-Co composites have a better properties of microwave absorption in 4.4-5.68GHz and 14.77-17.32GHz, the RLmin is -30.5dB at 16.0GHz and the corresponding thickness is 7mm. (3)The results reveal that the RGO-Co composites have a better practical applications in microwave absorption area.
